Structural states of the flexible catalytic loop of M. tuberculosis tyrosyl-tRNA synthetase in different enzyme-substrate complexes.
Tyrosyl-tRNA synthetase from Mycobacterium tuberculosis (MtTyrRS) is an enzyme that belongs to class I of aminoacyl-tRNA synthetases, which catalyze the attachment of L-tyrosine to its cognate tRNATyr in the preribosomal step of protein synthesis. MtTyrRS is incapable of cross-recognition and aminoacylation of human cytoplasmic tRNATyr, so this enzyme may be a promising target for development of novel selective inhibitors as putative antituberculosis drugs. As a class I aminoacyl-tRNA synthetase, MtTyrRS contains the HIGH-like and KFGKS catalytic motifs that catalyze amino acid activation with ATP. In this study, the conformational mobility of MtTyrRS catalytic KFGKS loop was analyzed by 100-ns all-atoms molecular dynamics simulations of the free enzyme and its complexes with different substrates: tyrosine, ATP, and the tyrosyl-adenylate intermediate. It was shown that in the closed state of the active site, the KFGKS loop, readily adopts different stable conformations depending on the type of bound substrate. Molecular dynamics simulations revealed that the closed state of the loop is stabilized by dynamic formation of two antiparallel β-sheets at flanking ends which hold the KFGKS fragment inside the active center. Prevention of β-sheet formation by introducing point mutations in the loop sequence results in a rapid (<20 ns) transition of the loop from its functional "closed" M-like structure to an inactive "open" O-like structure, i.e. rapid diffusion of the catalytic loop outside the active site. The flexibility and rapid dynamics of the wild-type aaRS catalytic loop structure are crucial for formation of protein-substrate interactions and subsequently for overall enzyme functional activity.